Two experiments were conducted to determine the effect of sucrose thermal oligosaccharide caramel (STOC) and dietary vitamin-mineral (V/M) level on growth performance and intestinal microflora of broiler chickens. In Experiment 1, Peterson × Arbor Acres male broilers (n = 384) were randomly allocated into four groups that were fed either the control diet or diets containing the antibiotic virginiamycin (11 mg/kg), 3.7% STOC or 7.5% STOC for 4 wk at brooding temperatures of 32 to 29.7 C. Weight gains for broilers in Experiment 1 were greater (P < 0.001) for birds fed STOC diets, with weight gains of 763, 822, 1,124, and 1,080 g for birds on the control, antibiotic, 3.7% STOC, and 7.5% STOC diets, respectively. Feed intake and feed conversion by birds fed STOC diets were also significantly improved. Cecal bifidobacterial numbers were increased (P < 0.03) over the control diet with numbers being 5.98, 6.99, 7.47, and 7.39 log 10 cfu/g cecal DM, respectively. In Experiment 2, Peterson × Hubbard male broilers (n = 384) were used in a 2 × 2 × 2 factorial arrangement with two levels of V/M premix (0.5 or 1% of the diet), two levels of STOC (0 or 3.5% of the diet), and two brooding temperatures, normal (32 to 23.6 C) or high (32 to 29.7 C) for 4 wk. Feeding the STOC diet improved (P < 0.05) weight gain, feed intake, and feed conversion of broilers. The effect of STOC on animal performance was less evident when broilers were fed twice the NRC recommended levels of V/M. Feeding the STOC diets resulted in a significantly greater increase in weight gain at high brooding temperatures than at normal brooding temperatures. There was also a reduction (P < 0.05) in numbers of total aerobes and coliforms in the ceca of birds fed diets containing STOC. Feeding STOC has potential to improve growth performance of broiler chickens.
INTRODUCTION
There is a growing interest in the use of a variety of oligosaccharides to promote human and animal health. Among these, fructooligosaccharides have been most extensively studied for their ability to improve animal health and performance (Hidaka et al., 1986 (Hidaka et al., , 1991 Salminen et al., 1993; Tomomatsu, 1994) . Fructooligosaccharides have been shown to be nondigestible in humans and animals (Oku et al., 1984) ; and have been shown to be utilized by only a few pathogenic and nonpathogenic intestinal bacteria in pure culture (Hidaka et al., 1986) . However, in the competitive environment of the intestinal tract, fructooligosaccharides tend to selectively enrich for beneficial genera such as lactobacilli and bifidobacteria (Hidaka et al., 1986; Mitsuoka et al., 1987) . Feeding fructooligosaccharides has been shown to improve animal performance, reduce serum cholesterol, reduce disease-related diarrhea, alleviate constipation, reduce intestinal concentrations of putrefactive compounds, reduce tumors, and enhance the immune response in a number of species (Hidaka et al., 1986 (Hidaka et al., , 1991 .
Studies reporting the use of fructooligosaccharides in poultry diets have indicated improvements in weight gain and feed efficiency, reduction in mortality, and reduction in intestinal colonization by Salmonella (Ammerman et al., 1988 (Ammerman et al., , 1989 Bailey et al., 1991; Farnworth et al., 1993; Waldroup et al., 1993) . Recently, Terada et al. (1994) reported that feeding lactosucrose to broilers increased numbers of bifidobacteria, decreased concentrations of putrefactive products (phenol and p-cresol) and ammonia, and increased the concentration of volatile fatty acids in broiler feces. Thus, oligosaccharides may potentially be useful in reducing ammonia and other environmental odors emanating from poultry production facilities.
A series of kestose oligosaccharides have been produced at the University of Montana by pyrolysis of 1 Sucrose thermal oligosaccharide caramel (STOC) solution (1:1, wt/ vol), was spray-mixed with the basal diet in a horizontal mixer at 0.07 and 0.14 L/kg of feed to give a final concentration of 3.7 and 7.5% of the crude STOC, respectively. The sprayed feed was dried at 55 C for 48 h to reduce moisture. The antibiotic treatment contained virginiamycin, 11 mg/kg of basal diet. Chemical analysis of formulated diets showed a slight decrease in protein content (control, 21.44%; antibiotic, 21 sucrose (Manley-Harris and Richards, 1991) . Studies using the kestose oligosaccharides (Patterson et al., 1993) have shown that the ability of a number of pathogenic and nonpathogenic intestinal bacterial species to grow on these kestoses is consistent with the data of Hidaka et al. (1986) . It has also been shown that bifidobacteria and lactobacilli are selectively enriched in the ceca of broilers fed these kestoses (Patterson et al., 1993) . A modification of the procedure for the production of the kestoses led to the synthesis of the sucrose thermal oligosaccharide caramel (STOC) used in the present study (ManleyHarris and Richards, 1994) . The STOC is produced by thermal treatment of amorphous anhydrous acidified sucrose, yielding a complex mixture containing fructoserich oligosaccharides and difructose di-anhydrides. The STOC is produced in higher yields and is easier to produce on a large scale than are the kestoses. The objectives of this study were: 1) to evaluate the effect of the STOC on growth performance and changes in intestinal bacterial populations of broiler chickens and 2) to determine the influence of STOC on growth performance of broilers fed low or high vitamin-mineral diets under normal or high brooding temperatures.
MATERIALS AND METHODS

Experiment 1
Day-old male broilers (Peterson × Arbor Acres, n = 384) were obtained from a local hatchery. The birds were randomly allocated to 32 pens containing 12 birds per pen and 8 pens were randomly assigned one of four dietary treatments: control, antibiotic (virginiamycin, 11 mg/kg), or control diet dressed with STOC at either 3.7 or 7.5% of the diet (wt/wt) ( Table 1 ). The crude STOC mixture contained 49% glucose, 11% fructose, and 40% fructose rich oligosaccharides. Approximately 20% of the oligosaccharides are difructose dianhydrides and the remainder are higher weight fructose-rich oligosaccharides. Thus, the amount of STOC used in the diet gave an equivalent of 1.5 or 3.0% oligosaccharide fraction. Coban-60 was included in all diets as a coccidiostat. Birds were reared in a grower house with wire pens hanging over a waste pit in two identical rooms with automatically controlled heating and ventilation systems. Each room housed 16 pens, and treatments were blocked within rooms to ensure equal assignment of treatments.
Starting brooding temperature was initially set at 32 C and temperature was reduced by 2.8 C the following week and maintained at this temperature during the remainder of the study. Birds were allowed free access to feed and water during the 4-wk growout period. Feed intake and body weight were measured weekly. At the end of 4 wk, broilers were killed using CO 2 gas, and cecal contents were collected to determine changes in cecal bacterial populations. The procedures used in this study were approved by the Purdue University Animal Care Committee.
Ceca from individual birds were removed, weighed, and cecal content were pooled within pen under a CO 2 gas phase to obtain sufficient cecal material for analysis and to ensure that the contents remained anaerobic during collection and processing. Ten grams of mixed cecal contents were blended in 90 mL of anaerobic dilution solution (ADS, Bryant and Allison, 1961) and further serial dilutions made in ADS for anaerobic bacterial enumeration (Bryant, 1972; Balch and Wolfe, 1976) . The initial dilution in ADS was also used as a source for serial dilutions in PBS for aerobic enumeration. Bacterial populations were enumerated in triplicate at three different dilutions. Total aerobes (Nutrient Agar 3 ), coliforms (MacConkey 3 ), and aerobic lactobacilli (Rogosa 3 ) were enumerated by inoculating 100-mm plates of the respective agar with 0.1 mL of the appropriate dilutions. Plates were incubated aerobically at 37 C for 1 to 2 d. Total anaerobes (Medium 98-5, Bryant and Allison, 1961) , anaerobic lactobacilli (Rogosa 3 ) and bifidobacteria (Bim25, Muñ oa and Pares, 1988) were enumerated by inoculating 60-mm plates of the respective anaerobically prepared media (Balch and Wolfe, 1976) with 0.025 mL of the appropriate dilutions inside a Coy anaerobic chamber 4 under a 97% CO 2 :3% H 2 atmosphere. Clostridia were enumerated by heating the 10 -2 dilution of cecal contents for 10 min at 70 C, serially diluting these samples in ADS to the appropriate dilutions and plating on Reinforced Clostridial Agar. 3 Plates were then inverted and placed into mason jars (D. E. Wachenheim, Portland Medical School, Portland, OR, 97201, personal communication), lids were either lubricated with stopcock grease or lined with plasticine modeling clay, and sealed jars were removed from the chamber and incubated at 37 C for 2 d (clostridia and lactobacilli), 3 d (total anaerobes), and 5 d (bifidobacteria). Subsequent to these studies, a simplification for sealing jars has been to seal jars by vacuum (-20 mm Hg) in the chamber airlock.
Experiment 2
Male Peterson × Hubbard broilers (384) were randomly allocated to 32 pens containing 12 birds per pen. Pens were allocated to eight groups, four replicate pens per group, and groups of pens were randomly allocated to one of four dietary combinations in a 2 × 2 × 2 factorial array. The factorial arrangement consisted of two levels of vitaminmineral (V/M) premix and CP, 0.5 V/M and 21.8% CP, or 1% V/M and 23% CP of the diet; two levels of STOC, 0 or 3.5% (wt/wt); and two brooding temperatures, normal (32 to 23.6 C) or high (32 to 29.7 C) ( Table 2 ). Crude protein was increased from 21.8 in the 0.5% V/M diet to 23% in the 1% V/M diet to more closely reflect the V/M and CP content used in commercial diets.
Birds were reared in two identical rooms with automatic heating and ventilation systems. In one room (normal), the starting brooding temperature was set at 32 C and was reduced by 2.8 C each successive week during the 4-wk study period. In the second room (high), the starting brooding temperature was set at 32 C for 1 wk, then maintained between 31.4 and 29.7 C during the remaining 3 wk of the study. Feed intake and body weight were measured weekly. Broilers were killed and bacterial populations were enumerated as described for Experiment 1.
Statistical Analysis
Treatment means in both experiments were tested for significance using the General Linear Models (GLM) procedure of SAS ® software (SAS Institute, 1986) . A group of 12 birds in a pen constituted an experimental unit for diets. Feed intake, weight gain, feed conversion, and log 10 transformed bacterial population data were analyzed as a completely randomized block design in Experiment 1 and as a 2 × 2 × 2 factorial arrangement in Experiment 2. Differences between treatment means were separated using the SAS ® software (1986) Student-Newman-Keuls test procedure. Significant difference was defined as P ≤ 0.05 unless otherwise indicated.
RESULTS AND DISCUSSION
Experiment 1
Performance. Broilers were housed in several rooms in these studies. Analysis of Experiment 1 and another experiment showed that there were no room effects on animal performance (data not shown). Performance (weight gain, feed intake, feed conversion) of broilers fed diets containing STOC was significantly greater than performance of broilers fed the control or antibiotic diets (Table 3) . Weight gains of broilers fed either level of STOC were significantly higher than weight gains of broilers fed the control or antibiotic diets during each week of the 4-wk study. Broilers on STOC averaged 339 and 280 g more cumulative weight gain than birds on the control or antibiotic feeds, respectively. Broilers fed STOC consumed the most feed and control birds the least (P < 0.0001). Because of increased weight gain, broilers consuming STOC had significantly better feed conversion than either control broilers or those fed antibiotics (Table  3) . These results support the report of Ammerman et al. (1988 Ammerman et al. ( , 1989 , which indicated improvement in body weight and feed utilization of broilers fed fructooligosaccharides. Waldroup et al. (1993) found inconsistent effects between two experiments of feeding diets containing either fructooligosaccharides or bacitracin methylene disalicylate. Waldroup et al. (1993) used a very low concentration of fructooligosaccharides, although they were in the range used by Ammerman et al. (1988 Ammerman et al. ( , 1989 . In the present study, high levels of STOC were used to maximize a response. The minimal effective concentration of STOC has not yet been determined. In addition, diet, stress and other factors may influence the effect of oligosaccharides, or antibiotics, on animal performance. As with antibiotics, these compounds should enhance animal health when disease resistance is compromised and may act only as a preventative under other conditions. Broilers may be exposed to temperatures in excess of 29 C during the summer. High environmental temperature is known to cause reduction in feed intake and body weight of broilers (Dale and Fuller, 1980; Charles et al., 1981; Meltzer, 1983; Howlider and Rose, 1987; Orban and Roland, 1992) . The broilers in Experiment 1 of this study were raised at 29 C, whereas broilers in the study by Waldroup et al. (1993) were raised at a lower temperature. In the present study, the higher room temperature probably affected feed intake and body weight of control birds to a greater extent than STOC birds, thus the marked difference in weight gain. Thus, this study has shown that STOC improves performance of broilers when grown at temperatures that decrease animal performance.
Cecal Bacterial Populations. Among the bacterial populations enumerated, there was a significant increase in numbers of bifidobacteria (24-fold) in the ceca of broilers fed diets containing STOC or antibiotic (10-fold) when compared to broilers fed control diets (Table 4 ). The increase in bifidobacterial numbers is similar to previous reports in human studies in which fructooligosaccharides were found to selectively enrich for bifidobacteria and thereby improve intestinal function (Hidaka et al., 1986 (Hidaka et al., , 1991 Mitsuoka et al., 1987) . Lactobacilli populations were decreased (P < 0.054) in this study, although fructooligosaccharides and lactose have been reported to increase lactobacilli numbers in other studies (Hidaka et al., 1986 (Hidaka et al., , 1991 Mitsuoka et al., 1987) . Factors influencing the variable response of lactobacilli are not known at present. It is possible that bifidobacteria were able to utilize STOC more efficiently than lactobacilli, or subtle changes in diet, temperature, or genetic composition of the birds may have affected the outcome of bacterial competition. The other cecal bacterial populations (total aerobes, total anaerobes, coliforms, and clostridia) were not affected by feeding STOC.
In the present study, it was observed that birds fed STOC had heavier ceca than control birds. When cecal material was analyzed for dry matter content, it was found to be lower (19 to 20%) in birds fed STOC than in birds fed the control diet (23%). This result is consistent with the alleviation of constipation observed in humans with the intake of high levels of fructooligosaccharides. Although not tested in the present study, other studies have shown that feeding oligosaccharides inhibits intestinal colonization by Salmonella in poultry (Bailey et al., 1991; Tellez et al., 1993) and lactic acid bacteria have been shown to inhibit a number of pathogens both in vitro and in vivo (Fuller, 1992; Havenaar and Huis in't Velt, 1992; Ballongue, 1993; Nousiainen and Setälä, 1993) . With the current food safety concerns, feeding oligosaccharides prior to slaughter may be useful in reducing bacterial contamination of carcasses during processing.
Experiment 2
Performance. The overall main effect of STOC was to increase (P < 0.01) weight gain over the 4-wk period with weight gains of 996 and 1,176 g for 0 and 3.5% STOC diets, respectively (Table 5 ). Although feed intake was increased (P < 0.01) by feeding STOC, the greater increase in weight gain resulted in an improvement (P < 0.01) in feed conversion for broilers consuming the 3.5% STOC diets compared to broilers consuming the 0% STOC diets. Thus, when pooled over V/M level and temperature, STOC had a beneficial effect on animal performance, which is consistent with data from studies using other oligosaccharides. The level of V/M and CP supplementation also influenced animal performance, with improved performance at higher levels of V/M and CP (Table 5) . Broilers gained 993 and 1,179 g when consuming diets containing 0.5 and 1.0% V/M, respectively (P < 0.01). Broilers consuming diets containing the higher level of V/M and CP also had significantly higher feed intake and improved feed conversion (P < 0.01). Whether the beneficial effects of the high V/M diet were due to the increased content of vitamins, trace minerals, CP, or to the increase of specific minerals or vitamins was not determined in this study and further study in this area is warranted. The concentrations of minerals and vitamins in the 0.5% V/M diets met or exceeded NRC (1984) requirements. Feeding certain species of bifidobacteria or lactobacilli has been shown to increase mineral absorption (Demigne et al., 1980 (Demigne et al., , 1989 Remesy et al., 1989; Levrat et al., 1991; Ohta et al., 1993; Schultz et al., 1993) and certain strains of bifidobacteria produce high levels of individual vitamins (Ballongue, 1993) . Thus, part of the beneficial effect of selective enrichment of bifidobacteria may be related to increased mineral and vitamin availability.
Weight gains of birds fed STOC at the lower level of V/ M supplementation were greater (P < 0.05) than gains of birds fed the control diet with weight gains of 841 and 1,144 g, respectively (Table 5 ). Weight gains of birds fed the higher level of V/M did not differ between the control and STOC fed broilers. These results show that STOC increased weight gain in broilers when fed NRC levels of V/M and was less effective when higher levels of V/M were fed, as typically is used in commercial operations. Similar effects were observed for feed intake and feed conversion. Broilers had numerically equivalent weight gains on diets containing 1.0% V/M and 0% STOC and on Means within a column with no common superscript differ significantly (P < 0.05).
x,y Means within a row with no common superscript differ significantly (P < 0.05).
*Main effect means differ significantly (P < 0.05). **Main effect means differ significantly (P < 0.01). diets containing 0.5% V/M and 3.5% STOC. With the increasing environmental pressures to reduce levels of minerals in animal waste applied to land, feeding STOC may allow producers to reduce the level of some or all minerals added to broiler diets. Cecal Weight and Changes in Bacterial Populations. When pooled over V/M and temperature, STOC significantly increased cecal weight, with control and STOC values being 8.01 and 12.39 g, respectively (P < 0.01, Table 6 ). The increased cecal weight in birds fed STOC might be due to increased cecal content volume and perhaps to alterations of cecal morphology. Tellez et al. (1993) reported that dietary lactose significantly increased cecal length and weight while reducing the thickness of the lamina propria. The same trend has been reported in rats (Hoshi et al., 1994; Yoshioka et al., 1994) in which several oligosaccharides were shown to increase epithelial cell proliferation, cecal surface area, and mass of the small intestine, cecum, and colon. Cecal muscular thickness and intestinal content dry matter were reduced in rats fed oligosaccharide. There was an inverse correlation between pH of intestinal contents and cecal weight, surface area, and cecal crypt depth. These morphological changes might favor nutrient absorption. A number of oligosaccharides have been shown to increase mineral absorption and there also is an inverse relationship between mineral absorption and pH (Demigne et al., 1980 (Demigne et al., , 1989 Remesy et al., 1989; Levrat et al., 1991; Ohta et al., 1993; Schultz et al., 1993) . Thus, oligosaccharides seem to alter lower intestinal tract physiology and function. The increased performance in the present study may be consistent with an increased supply of vitamins or minerals due to increased absorption resulting from feeding STOC. The higher level of V/M, when pooled over STOC and temperature, also increased cecal weight (P < 0.01, Table 6 ) with cecal weights being 9.51 and 10.88 g for birds fed the 0.5 and 1.0% V/M diets, respectively. Dietary fibers, including fructooligosaccharides, cause an increase in hyperplasia of the gastrointestinal tract (Roberfroid, 1993) , so it is not surprising that STOC causes a slight increase in cecal weight. Temperature had no effect on cecal weight.
Feeding STOC significantly decreased total aerobes and coliforms (Table 6 ), but had little effect on either aerobically or anaerobically enumerated lactobacilli or on bifidobacterial numbers in the cecum (Table 7) . The inhibitory effect of STOC on coliform populations is consistent with data on the inhibitory effect of bifidobacteria and lactobacilli on pathogenic bacteria (Salminen et al., 1993) ; however, there was no effect of STOC on lactobacilli and bifidobacterial populations in Experiment 2. The lack of an increase in bifidobacteria in birds fed STOC is inconsistent with performance and microbial data from Experiment 1, the decrease in coliforms in Experiment 2, and earlier work with a number of oligosaccharides (Hidaka et al., 1986 (Hidaka et al., , 1991 Patterson et al., 1993) . This observation might have been due to several factors: 1) STOC selectively enriched for other beneficial populations that were not enumerated in this study; 2) the increased fermentation acids had a direct effect on coliforms and selective enrichment of specific groups is not important; 3) bifidobacterial populations were already high in this group of birds and further enrichment did not occur and was not necessary to affect animal performance; or 4) the enumeration techniques for bifidobacteria failed to detect actual changes in the population. At present, we are unable to say which of these factors were in operation here. Delineation of Factors 1 through 3 are important in understanding mechanism of action of oligosaccharides and in increasing consistency of animal response. Selectivity and reliability of selective media are always of concern and growth of some bifidobacterial strains is reduced on BIM25 medium. However, in a preliminary study 14 of 15 isolates identified as bifidobacteria on BIM25 medium were confirmed as bifidobacteria using secondary tests and the one non-bifidobacterial isolate was suspect on the BIM25 medium. Because bifidobacterial numbers were high in Experiment 2, enumeration was probably not a problem in this study.
As can be seen in Table 7 , anaerobically enumerated lactobacilli values are one to two log units higher than are aerobically enumerated lactobacilli. Data from several studies (Patterson et al., unpublished data) suggest that treatment effects are observed more frequently and are of greater magnitude with anaerobically enumerated lactobacilli than with aerobically enumerated lactobacilli. Whether this is because obligately anaerobic lactobacilli are more sensitive to changes in the intestinal environ- Temperature and Diet Effects on Broiler Performance and Bacterial Populations. Broilers maintained at the higher temperature had lower (P < 0.05) weight gain (1,068 g) than broilers maintained at recommended temperatures (1,104 g) (Table 5 ). Broilers at the higher temperature also consumed less (P < 0.01) feed than broilers at the normal temperature. Interactions between diet and temperature for weight gain, feed conversion, and bifidobacterial numbers (Tables 5 and 7) are presented in Table 8 . Under normal brooding temperature, weight gains and feed conversion were improved in birds fed STOC and in birds fed the 1% vitamin-mineral premix, compared to birds fed no STOC at 0.5% V/M. Similar effects occurred at the higher brooding temperature, however the weight gains of the control birds, 0.5% V/M and no STOC, were lower than weight gains of control birds maintained at normal brooding temperatures and feed conversion was poorer. These results indicate that feeding STOC, or higher levels of V/M, enhances the growth performance of birds raised at 29 C. Bailey et al. (1991) showed that in birds stressed by feed and water deprivation, more Salmonella-positive birds were found in control birds than in those fed fructooligosaccharide. Thus, oligosaccharides may be beneficial when animals are raised under less than ideal conditions. Increasing V/M level increased bifidobacterial populations at normal temperature, but had no effect at the higher temperature. The protein content of the diet was higher at the higher V/M supplementation; however, in subsequent studies in ducks where protein content of the diet was constant, V/M supplementation did influence animal performance (Orban and Patterson, unpublished data) . Bifidobacterial numbers were higher at the higher temperature and there was no effect of STOC at either temperature.
The results of this study have shown that STOC improved weight gain, feed intake, and feed conversion of broiler chickens. The overall growth performance of broilers raised at 30 to 31 C was also improved by inclusion of STOC, or higher levels of V/M, in the diet. For Experiment 1, numbers of bifidobacteria and lactobacilli were increased in birds fed STOC diets, with a reduction in numbers of total aerobes and coliforms in Experiment 2. The crude STOC material was included at relatively high levels in diets in this study to ensure that excess STOC was provided to the lower intestinal tract. Minimum effective dosage has not been determined, but should be similar to levels used with other oligosaccharides. Based on the results of the present study, STOC has potential to enhance growth performance of broiler chickens, which can translate into possible savings in feed and production costs. However, mechanisms of action have not been delineated and conditions under which STOC is effective still need to be determined.
